Microtubule inhibitors elicit differential effects on MAP kinase (JNK, ERK, and p38) signaling pathways in human KB-3 carcinoma cells.
Microtubule inhibitors are widely used in cancer chemotherapy, but the signaling mechanisms that link microtubule disarray to destructive or protective cellular responses are poorly understood. Because members of the mitogen-activated protein kinase (MAPK) family have been implicated in regulation of cell survival and cell death, we examined the extent and kinetics of activation of JNK, ERK, and p38 MAPKs in response to treatment of KB-3 carcinoma cells with several microtubule inhibitors. All four agents tested (vinblastine, vincristine, Taxol, and colchicine) caused significant (6- to 13-fold) activation of JNK, concomitant inactivation of ERK, and a reduction in basal p38 MAPK activity. JNK activation and ERK inactivation occurred prior to caspase 3 activation. The microtubule inhibitors also induced phosphorylation of Raf-1 kinase. SEK-1, upstream of JNK, was also activated and phosphorylated in response to the microtubule inhibitors, and sustained phosphorylation of three endogenous JNK substrates (c-Jun, ATF-2, and JunD) was observed. By comparison, the antitumor agent doxorubicin induced activation of JNK and p38 but had no effect on ERK activity or Raf-1. These data demonstrate that microtubule inhibitors elicit distinct and specific effects on MAPK-mediated signaling pathways and suggest in particular that coordinate and reciprocal alterations in JNK and ERK activities are important facets of the cellular response to microtubule disruption.